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Irritable-bowel syndrome (IBS) af- 
fects up to 20% of the North 
American population, particularly 
women, '■* Tegaserod maleate (Zel- 
norra, Novartis Pharmaceuticals, 
East Hanover, NJ) is a highly selec- 
tive partial agonist of serotonin type 
4 receptors that is indicated for use in 
the treatment of women with IBS 
with constipation (IBS-C). Unlike 
traditional medications (e.g., laxa- 
tives), which target only certain IBS 
symptoms, tegaserod provides global 
relief of the symptoms of IBS-C. 7- ' 
The pharmacokinetics of tegaserod 
are well defined, and the recom- 
mended dosage is 6 mg taken twice 
daily orally before meals for four to 
six weeks; continued use after six 
weeks is determined at the discretion 
of the physician.''" 1 Tegaserod is 
available as a white, uncoated tablet 
with a beveled edge. 

Although an oral formulation has 
distinct advantages (e.g., many pa- 
tients prefer pills or tablets to other 
routes of administration),"' 12 not all 
patients can swallow pills or tab- 
lets. ,iM? In particular, many elderly 
patients, patients with gastroesoph- 
ageal reflux disease, and patients who 
have had a medication-related , ad- 
verse event may be unable to swallow 



Purpose. The stability and compatibly <* 
tegaserod from crushed tablets In selected 
beverages and foods were studied. 
Methods. Suspensions of tegaserod male- 
ate tablets containing 6 mg of the drug 
base were prepared by crushing the tablets 
and mixing the powder with tap water, ap- 
ple Juke, orange Jute, milk, applesauce, 
yogurt, and chocolate-hazelnut spread. 
Drug stability, drug comparabllity/juspen. 



crushed tegaserod tablets In water end In ' 
apple Juice were comparable lb those of In- 
tact tablets; the Dissolution profiles In or- 



llquld chromatography at Intervals up to 
three days at 20-25 «C and 5 «C In vitro 
dissolution profiles were determined for 
crushed tegaserod tablets In water, apple 
Juice, orange Juice, and applesauce. • . 
Results. Tegaserod from crushed tablets 
was stable In and compatible with water, 
apple Juice, orange Juke, and applesauce, 
and the. suspensions were homogeneous. 
The complete dose was delivered with 
these media. The dissolution- profiles of 



.m^jmim.mu oppiuaute were not compa- 
rable with those of Intact tablets. The results 
with mUk, yogurt, and chocolate-hazelnut 
spread as vehicles were Inconclusive. The 
suspension In milk was not homogeneous, ■ 
and the dose was Incomplete. 
Conclusion. Tegaserod from crushed tab- 
lets was stable In and compatible with wa- ■ 
ter, apple juice, orange Juice, and apple- 
sauce, but the dissolution profile iri.orange 
Juice or applesauce was not acceptable. 
Apple Juice may be the. preferred vehicle 
because It masks the drug's'taste. ■ 

Index terms; Beverages; Dissolution; Food; 
Gastrointestinal drugs; Homogeneity; In- ■ 
compatibilities; Mces; Milk; Stability; Stor- 
age; Suspensions; Tegaserod maleate; . 
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a tablet"-" For such patients, an al- 
ternative method of tegaserod ad- 
uihiistration is highly desirable! 

the purpose of this study was to 
determine the stability and compati- 
bility of tegaserod from crushed tab- 
lets in selected beverages and foods. 
In addition, the homogeneity and in 



vitro dissolution profile of crushed 
tegaserod tablets were examined in 
each beverage or food to determine 
whether these vehicles allow for 
complete administration of a dose. 
The ability of these beverages and 
foods to mask the taste of tegaserod 
was also evaluated. 
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Methods 

Suspension preparation. Prepa- 
ration of suspensions of tegaserod 
began with thorough crushing of 
tegaserod maleate tablets containing 
6 mg of the drug base" in an alumi- 
num foil pouch with the back of a 
metal tenspoon. The number of tab- 
lets crushed and the volume of vehi- 
cle used varied by experiment The 
media tested included tap water, ap- 
ple juice, b orange juice,' milk, 11 
applesauce,' yogurt,' and a chocolate- 
hazelnut spread. 8 For stability testing, 
the powder that resulted from crush- 
ing one 6-mg tegaserod tablet was 
added to 50 mL of beverage (result- 
ing in a liquid suspension of tegaser- 
od 0.12 ing/mL) or to .1 tablespoon of 
food. For degradation product test- 
ing, the powder that resulted from 
crushing five 6-mg tegaserod tablets 
was added to 25 mL of beverage (re- 
sulting in liquid suspension of tegaser- 
od 3.2 mg/mL) or to 1 tablespoon of 
food. For tests for completeness of a 
dose and suspension homogeneity, 
the powder produced by crushing 
one 6-mg tegaserod tablet was added 
to 50 mL of beverage in a glass or to 
125 g of yogurt, 130 g of applesauce, or 
] tablespoon of chocolate-hazelnut 
spread. For in vitro dissolution tests, 
the powder from one crushed 6-mg 
tegaserod tablet was added to 50 mL 
of beverage or 1 tablespoon of food 
(applesauce only). Vehicles without 
tegaserod were used as controls. 

The following numbers of identi- 
cal suspensions were prepared for 
each experiment: one sample of each 
food vehicle for homogeneity testing; 
two samples of each beverage vehicle 
for stability, degradation product, 
and homogeneity testing; and six 
samples of each vehicle for dissolu- 
tion testing. All samples were pre- 
pared at room temperature (20-25 
°C) before being stored at tested tem- 
peratures for tested lengths of time. 

Sample preparation for high- 
performance liquid chromatogra- 
phy (HPLC). Stability tests. Each 50- 
mL tegaserod suspension (one 



_ZB ME Oabletm water, ap- 
ple juice, orange juice, or milk) was 
shaken vigorously by hand for 5-10 
times in a 100-mL amber glass volu- 
metric flask. Each preparation of one 
crushed tegaserod tablet in food (1 
tablespoon of applesauce, yogurt, or 
chocolate-hazelnut spread) was 
mixed with a spatula in a 250-mL 
amber glass container until com- 
pletely homogenized (by visual in- 
spection). The tegaserod suspensions 
and mixtures were allowed to stand 
at the specified storage temperatures 
for the specified storage tiroes. Imme- 
diately before assay, each tegaserod- 
• beverage sample was rehoraogenized 
by manual shaking (5-10 times) at 
20-25 C C and the flask was filled to 
the 100-mL mark with methanol 11 
For extraction, 100 mL of methanol 
was added to the tegaserod-food mix- 
tures. Each sample (tegaserod-beverage 
or tegaserod-food) was then mixed 
at 20-25 °C for 30 minutes on a 
maguetic stir plate' at approximately 
850 rpm, 10 minutes in a sonicntor,' 
and 30 minutes on a magnetic stir 
plate at .approximately 850 rpm. A 
portion of the methanol solution was 
centrifuged at 2500 rpm at 20-25 °C 
for 15 minutes, and 20 UL of the re- 
sulting clear solution was injected 
into the HPLC system. v Each sample 
was assayed in duplicate. 

Degradation product determina- 
tion. Each 25-mL tegaserod suspen- 
sion (five crushed tegaserod tablets 
in water, apple juice, orange juice, or 
milk) was shaken vigorously by hand 
5-10 times in a 50-mL amber glass 
volumetric flask. Each preparation of 
five crushed tegaserod tablets in food 
(I tablespoon of applesauce, yogurt, 
or chocolate-hazelnut spread) was 
mixed with a spatula in an amber 
glass ceivtrifugHtion tube until It wbs 
completely homogenized (by visual 
inspection). The tegaserod suspen- 
sions and mixtures were allowed to 
stand at the specified storage tem- 
peratures for the specified storage 
times. Immediately before assay, 
each tegaserod-beverage sample was 



rehomogenized by manual shaking 
(5-10 times) at 20-25 °C, and the 
flask was filled to the 50-mL mark with 
Bcetonitrilc.' For extraction, 50 ml of 
water-acetonitrile (50:50 by volume) 
was added to the tegaserod-food 
mixtures. Each sample (tegaserod- 
beverage or tegaserod-food) was 
then mixed at 20-25 °C for 30 min- 
utes on a magnetic stir plate at ap- 
proximately 850 rpm, 10 minutes in 
a sonicator, and 30 minutes on a 
magnetic stir plate at approximately 
850 rpm. A portion of the extraction 
solution was centrifuged at 2500 rpm 
at 20-25 °C for 15 minutes, and 25 
jiL of the resulting clear solution was 
injected into the HPLC system. Each 
sample was assayed in duplicate. For 
the alternative HPLC method for the 
determination of degradation prod- 
ucts, 10 \& was injected and tested in 
duplicate. 

Test for completeness of a dose. 
Each 50-mL tegaserod suspension 
(one crushed tegaserod tablet in wa- 
ter, apple juice, orange juice, or milk) 
was homogenized by stirring with a 
metal teaspoon and was transferred 
to a 100-mL amber glass volumetric 
flask (to simulate the patient drink- 
ing the contents of the glass, the 
empty glass was not rinsed); the vol- 
umetric flask was then filled to the 
100-mL mark with methanol for ex- 
traction and testing. Extraction was 
performed as described for the stabil- 
ity tests. This test was performed in 
duplicate. 

Test for suspension homogeneity. 
Each 50-mL tegaserod suspension 
(one crushed tegaserod tablet in wa- 
ter, apple juice, orange juice, or milk) 
was homogenized by stirring widi a 
metal teaspoon. Fifteen milliliters 
(30% of the total volume of the 
mixed suspension) was withdrawn 
from the glass immediately after stir- 
ring and transferred to a 100-mL am- 
ber glass volumetric flask, which was 
immediately filled to the 100-mL 
mark with methanol. This test was 
done in duplicate. Each tegaserod- 
food prepar ation was mixed with a 
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■ nized (by visual inspection). Approx- 

■■ iraately one third of the mixture was 
withdrawn with a teaspoon or spatu- 
la and transferred to an amber glass 
bottle, and 100 ml of methanol was 
added. This process was repeated 

" three times for analysis of the entire 
mixture. Each sample was then 
mixed at 20-25 .°C for 30 minutes on 
a magnetic stir plate at approximately 
850 rpm, 10 minutes in a sonicator, 

. and 30 minutes on a magnetic stir 
plate at approximately 850 rpm. A 
portion of the methanol solution was 
centrifuged at 2500 rpm at 20-25 °C 
for 15 minutes, and 20 uL of the re- 
sulting clear solution was injected 
into the HPLC system. Each sample 
was analyzed in duplicate. 

In vitro dissolution lest. Each 50- 
mL tegaserod suspension (one 
crushed tegaserod tablet in water, ap- 
ple juice, or orange juice) was added 
to 450 mL of dissolution medium 
(purified water" 1 ), Each 1 -tablespoon 
preparation of tegaserod in apple- 
sauce was added to 500 mL of disso- 
lution medium and the temperature 
maintained at 37 "C (±0.5 °C). After 
the transfer, the spoon and the spatula 

■irere rinsed in dissolution medium 
in the vessel to ensure complete 
transfer, hi vitro dissolution was tested 
with USP Dissolution Apparatus 2, 
and the paddle" was rotated at 50 
rpm. All tests were performed on six 
samples, each prepared from one te- 
gaserod tablet and mixed as de- 
scribed previously. Dissolution of 
crushed tablets without any beverage 
or food vehicle was performed by 
adding the powder directly to 500 
mL of dissolution medium (three 
samples) and by adding the dissolu- 
tion medium to the powder (three 
samples). No significant difference 
was observed, so mean results for six 
samples are reported. Five milliliters 
of each sample was withdrawn from 
the dissolution vessel after 5, 15, 30, 
and 60 minutes of rotation. Each 
portion was centrifuged at 2500 rpm- 
at 20-25 °C for 10 minutes and di- 



2B MEDf each diluted 
sample was injected into the HPLC 
system. 

HPLC procedures. For HPLC 
measurement of tegaserod end deg- 
radation products) the initial time 
point (time zero) was considered to 
be approximately one minute after 
sample preparation. For each deter- 
mination, two samples of each vehi- 
cle tested (beverage or food) were ex- 
amined three days after storage at 5 
°C (±3 °C), which is the recommend- 
ed storage temperature far all the se- 
lected beverages and foods except the 
chocolate-hazelnut spread (20-25 
°C). Two samples stored at 20-25 °C 
were also tested at the three-day time 
point for additional information on 
the stability of tegaserod in these 
substances. If the results warranted 
further investigation, two samples 
each were tested at additional time 
points and temperatures. Specifical- 
ly, beverages were tested at I hour 
(storage at 20-25 °C) and 24 hours 
(storage at 5 °C and 20-25 °C) after 
preparation, and foods were tested at 
24 hours (storage at 20-25 »C) after 
preparation. 

Assay validation. For stability and 
homogeneity tests, the instrumenta- 
don included a constant-flow solvent- 
delivery system, 0 a C, column' main- 
tained at 30 °C with a column 
heater," a variable-volume injector," 
an ultraviolet light detector' set at 
220 nm, and an analogue-to-digital 
converter' linked to a chromatogra- 
phy data acquisition system. 1 The 
mobile phase consisted of acetoni- 
trile and aqueous 0.05 M ammonium 
carbamate (55:45 by volume) deliv- 
ered at a flow rate of 2 mL/min. 

For determination of degrada- 
tion products (water, apple juice, 
and applesauce), a slight modifica- 
tion of the HPLC method devel- 
oped by Novartis Pharmaceuticals 
for the purity of tegaserod tablets 
was used. The instrumentation 
included a constant-flow solvent- 
delivery system, a C, column main- 



er, a variable-volume injector, an 
ultraviolet light detector set at 220 
nm, and an analogue-to-digital 
converter linked to a chromato- 
graphy data acquisition system. 
The mobile phases consisted of 
acetonitrile:aqueous 0.05 M am- 
monium carbamate-.triethylamine 
adjusted to pH 8 with concentrated 
phosphoric acid (200:800:0.5 by 
volume) (mobile phase A) and 
acetonitrile:aqueous 0.05 M am- 
monium carbamate:triethylamine 
adjusted to pH 8 with concentrated 
phosphoric acid (700:300:0.5 by vol- 
ume) (mobile phase B), delivered at a 
flow rate of 1.5 mL/min on a linear 
gradient: time zero, A = 90%, B = 
10%; time 20 minutes, A = 5%, B = 
95%; time 24 minutes, A = 0%, B = 
100%; time 34 minutes, A = 0%, B = 
100%; and time 36 minutes, A = 
90%, B = 10%. 

For some of the beverages and 
foods tested (orange juice, milk, yo- 
gurt, and chocokte-hazehiut spread), 
these HPLC conditions did not allow 
for the selective separation of com- 
ponents of the matrix from potential 
degradation products of tegaserod. 
Therefore, the. samples were ana- 
lyzed with an alternative HPLC 
method. The instrumentation in- 
cluded a constant-flow solvent- 
delivery system, a C„ column 1 main- 
tained at 40 °C with a column heater, 
a variable-volume injector, an ultra- 
violet light detector set at 220 nm, 
and an analogue-to-digital converter 
linked to a chromatography data ac- 
quisition sy^bem- The mobile phases 
consisted of wateflacetonitrile: tri- 
fluoroacedc acid (900:100:1 by vol- 
ume) (mobile phase A) and water 
acetonitrile:trifluoroacetic acid (100: 
900:1 by volume) (mobile phase B) 
delivered at a flow rate of 1 mL/min on 
a linear gradient: time zero, A = 80%, 
B = 20%; time 12 minutes, A = 10%, 
B = 90%; time 15 minutes, A = 10%, 
B = 90%; time 16 minutes, A = 80%, B 
= 20%; and time 22 minutes, A = 
80%,B = 20%. • 
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formed according to the method 
veloped by Novartis Pharmaceuticals 
for tegaserod tablets. The HPLC 
method used in assay determination 
was modified by using mobile phase 
consisting of acetonitrileaqueous 0.2 
M diammonium hydrogen phos- 
phate adjusted to pH 4.6 with phos- 
phoric add (40:60 by volume) deliv- 
ered at a flow rate of 2 roLAnin. 

One control suspension (vehicle 
without a crushed tegaserod tablet) 
was prepared for each beverage or 
food and was analyzed as the sample. 
Resulting chromatograms were com- 
pared for interference by any peak. 

For assay and homogeneity test- 
ing, a 400-|ig/tuL (expressed in terms 
of tegaserod drug base) stock solu- 
tion of tegaserod hydrogen raaleate 
reference substance" was prepared- in 
methanol on each day of HPLC. The 
standard solution of tegaserod was 
prepared by diluting the stock solu- 
tion with methanol to a concentra- 
tion of 60 ug/mL. The standard solu- 
tion was injected in duplicate after 
approximately every fourth sample 
as a one-point external standard. 

For degradation product testing, a 
300-ug/mL (expressed in terms of 
tegaserod base) stock solution of the 
same reference substance was pre- 
pared in acetonitrilewater (50:50 by 
volume) on each day of HPLC. The 
standard solution of tegaserod was 
prepared by diluting the stock solu- 
tion with acetonitrilewater (50:50 by 
volume) to a conceutretion of 12 ug/ 
mL. The standard solution was in- 
jected in duplicate after approxi- 
mately every fourth sample as a one- 
point external standard. 

For in vitro dissolution testing, a 
120- ug/mL (expressed in terms of 
tegaserod drug base) stock solution 
of the same reference substance 
was prepared in acetonitrile:water 
(50:50 by volume) on each day of 
HPLC analysis. The standard solu- 
tion of tegaserod was prepared by 
diluting the stock solution with 
acetonitrile:water (50:50 by vol- 



28 MEOl solution was in- 
jected in duplicate after approxi- 
mately every third sample as a one- 
point external standard. 

Acceptance criteria. Tegaserod 
was considered to be stable in a vehi- 
cle if certain acceptance criteria were 
met for die time points examined. 
The values of acceptance for stability 
were 90-110% of the theoretical con- 
centration at time zero and not more 
than 3% less than the initial concen- 
tration after storage. The value of ac- 
ceptance was SO.5% for degradation 
product 515-91 and £0.2% each for 
other, unknown degradation prod- 
ucts, for a total of not more than 1% 
for all unknown degradation prod- 
ucts. Values of acceptance for the 
completeness-of-dose study for die 
entire sample were 90-110% of the 
theoretical content. 

Results 

In water. Tegaserod from crushed 
tablets was stable in tap water for up to 
three days at either 20-25 °C or 5 "C 
(Table 1). The completeness-of-dose 
study indicated that patients who take 
crushed tegaserod tablets in water re- 
ceive the complete dose of the medica- 
tion; mean recovery was 95.4% (Table 
2). The suspension resulting from 
mixing a crushed tegaserod tablet with 
water was homogeneous. 

The results of the dissolution 
study are summarized in Table 3 and 
Figure 1. No substantial difference 
was observed between the dissolu- 
tion profile of a crushed- tegaserod 
tablet in water and that of the intact 
tablet. The higher percentage of dis- 
solution observed at 5 minutes for 
the crushed tablet (91.4% of theoret- 
ical content dissolved) compared 
with the intact tablet (54.2%) reflects 
disintegration of the tablet resulting 
from the crushing performed before 
dissolution. By 15 minutes, the dis- 
solution of the intact tablet (92.3%) 
and of the crushed tablet (9.4.6%) . 
was comparable; complete dissolu- 
tion (>85%) was observed for both. 



prepare, water did not mask the taste 
of tegaserod. 

In apple juice. Tegaserod from 
crushed tablets was stable in apple 
juice for up to one hour at 20-25 e C 
and for up to three days at 5 °C (Ta- 
ble 1). The degradation observed for 
longer storage times was primarily 
due to hydrolysis and to the forma- 
tion of degradation product 515-91. 

The completeness-of-dose study 
indicated that patients who take a 
crushed tegaserod tablet in apple 
juice receive the complete dose of the 
medication; mean recovery was 
92.6% (Table 2). The suspension re- 
sulting from mixing a crushed tega- 
serod tablet with apple juice was 
homogeneous. 

No substantial difference was ob- 
served between the dissolution pro- 
file of an intact tegaserod tablet and 
that of a crushed tablet in apple juice 
(Table 3). At 15 minutes, dissolution 
was comparable (92.3% for intact 
tablets and 92.7% for crushed tablets 
in apple juice). Dissolution in apple 
juice was complete by 5 minutes, 
even though the medium's pH was 
lowered by the apple juice (from a 
range of 6.2-7.8 to a final pH of 3.7) 
and was therefore less favorable to the 
drug's stability. The suspension was 
easy to prepare, and apple juice effec- 
tively masked the tBSte of tegaserod. 

In orange juice. Tegaserod from 
crashed tablets was stable in orange 
juice for up to 24 hours at 20-25 "C 
and for up to three days at 5 °C (Ta- 
ble 1). The degradation observed for 
longer storage times resulted mainly 
from hydrolysis and the formation of 
degradation product 515-91. 

The completeness-of-dose study 
indicated that patients who take 
crushed tegaserod tablets in orange 
juice receive the complete dose; 
mean recovery was 92.8% (Table 2). 
The suspension resulting from mix- 
ing a crushed tegaserod tablet with 
orange juice was homogeneous. 

The dissolution profile of a 
crushed tablet mixed with orange 
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Table 1. 

Stability of Tegaserod after Mixing of Crushed Tablets with Beverages and Storage at 20-25 or 5 °C 
. Mean % Initial Concentration Remaining' 



Apple Juice 



Unknown, Unknov 



TImeO 


98.9 


<o.os 


0.05 


0.05 


98.4 


0.09 <0.05 


<0.05 
<0.05 


1hr at 20-25 °C 


NA« 


NA 


NA 


NA 


98.2 


0.13, <0.05 


24hrat20-25°C 


99.6 


<0,05 


0.05 


<0.05 


94.4' 


Dj65' 0.14 


0.20 


24 hr at S»C 


NA 


NA 


NA 


NA 


97.7 


0.14 0.05 


0.05 


3 days at 20-25 "C 


100.1 


<0.0S 


0.07 


ai3 


87.0' 


lj63 f 0.2BS 


0.39 


3 days at 5 «C 


99.1 


<0.05 


0.06 


0.09 


96.7 


0.33 0.06 


0.12 








Mean 


% Initial Concentration Rema 


nlng 








Orange Juke 






Milk 




Storage 






Unknown, 


Unknown, 




Unknown, 


Unknown, 


Condition 


Tegaserod 


515-91 


Individual 


Total 


Tegaserod 


515-91 Individual 


Total 



TImeO 

1 11^20-25^ NA 0.13 0.11 0.11 

24hrat20-25°C 94.8 0.41 <0.1 <c0.1 

24hratS'C NA 0.14 <0.1 <0.1 

3daysat2ta5'C 925' 0.9V 0.2O 0.70 

3daysat5'C 95.4 033 0.18 0.67 

•"Calculated on the bjtU of theoretical tegaserod content In one tablet (rt ■ 2|. 



iroduct 



Table 2. 

Completeness of Tegaserod 
Dose and Homogeneity 
of Suspension after Mixing 

with Beverages 

Mean 

Beverage 



Completeness of Dose 
Water 


95.4 


Apple juice 


92£ 


Orange Juice 


92& 


Milk 


71J« 


Homogeneity of Suspension 




Water 


100.7 


Apple juice 


85.0 


Orange Juice 


87.0 


Milk 


59.1' 



'Does not meet acceptance criteria. 

juice was not comparable to that of 
an intact tablet (Table 3). Even after 
one hour, the mean percentage of the 
theoretical content of tegaserod fxoni 
o crushed tablet dissolved was only 
57.8%. The limited dissolution in or- 
ange juice may be attributable to 
changes in pH and solubility, the ad- 
sorption of the tegaserod powder to 



constituents of the medium, or some 
combination of these factors. These 
results obtained in vitro raise ques- 
tions about the bioavailability of 
tegaserod in vivo if the tablet is admin- 
istered with orange juice. Grange juice 
masked the taste of tegaserod, and the 
suspension was easy to prepare 

In milk Tegaserod. was relatively 
stable in milk; the content of tegaser- 
od remained unchanged for up to 
three days at 20-25 °C or 5 °C (Table 
I). However, poor resolution and 
selectivity of the resultant chromato- 
grams under both sets of HPLC condi- 
tions tested. did not allow for a defini- 
tive conclusion regarding the presence 
of potential degradation products; 
only product 515-91 was quantifiable, 
and then only at 24 hours at 20-25 °C 

Mixing a crushed tegaserod tablet 
with milk did not result in the recov- 
ery of a complete dose (Table 2). 
Only approximately 70% of the dose 
was recovered; hence, a patient 
would receive less than three fourths 
of the dose if mflk -was used as the 



vehicle. In addition, the whole tega- 
serod tablet was not homogeneously 
distributed in the milk-tegaserod 
suspension. An in vitro dissolution 
profile was not obtained for crushed 
tegaserod tablets in milk. 

Although it was easy to prepare, 
the mixture of a crushed tegaserod 
tablet and milk was heterogeneous, 
and the resultant dose was incom- 
plete. Whether milk masked the taste 
of tegaserod was not tested. 

In applesauce. Tegaserod from 
crushed tablets was adequately homo- 
geneous and stable in applesauce for 
up to 24 hours at 20-25 °C and up to 
three days at 5 "C (Tables 4 and 5). 

The dissolution profile of a 
crushed tablet mixed in applesauce 
was not comparable to that of an in- 
tact tablet (Table 3). Even after one 
hour, the mean percentage of the 
theoretical content of tegaserod from 
a crushed tablet dissolved was only 
79.3%. The limited dissolution in ap- 
plesauce may be attributable to 
changes in pH and solubility, the ad- 
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Dissolution of Tegaserod Tablets 







Mean 1 S.D. <K Theoretical Content [ 


issolved (n = 6) 




Tlme{rnin} 


Intact Tablets 
In Water 


Crushed 
Tablets 
In Water 1 


Crushed 
Tablets 
In Apple Juice 


Crushed 
Tablets 
In Orange Juice 


Crushed 
Tablets 
In Applesauce 


s 

15 
30 
60 


54.2 ±7.7 

92.3 ±0,9 
96.0 ±2.0 
98.0 ±2,1 


91.41U 
94.6 ±1.5 
96.910.7 
97.4 ±0.9 


90.1113 
92711.2 
91310.6 
91.1 ±15 


55310.6" 
57.4±0,7 b 
577 ±13? 
57.8 ±0£ b 


79313.0" 
805±1.4 b 
783 iU b 
793 1 2.0 b 



60 98.012,1 97.410.9 91.1113 57.8 ±0g> 793 1 2.0 b 

"Unlike preparation of bewiige-vehfclesari V ta.lnwhleha^ 
••Dissolution profile notcomparsbleto thttof Intta tablet 



Figure 1 . Dissolution proflfe of tablets of tegaserod 6 mg. The dissolution medium w 
purified water. 




O Intaottabtels 

□ Crushed labials 

O Crushed tablels In apple Juice 

• Crushed tablels In orange Juice 

A Crushed tablels In applesauce 



e (riiin) 



Table 4. 

Homogeneity of Tegaserod Suspension after Mixing of Crushed 
Tablets with Foods 





<fc Recovery* 






Individual 




Food 


Portions 


MeanlS.D. 


Applesauce 


70.9,693,68.0 


69.611 J 


Yogurt 


70.2,68.4.685 


69.01 1.0 



sorption of the tegaserod powder to . 
constituents of the medium, or some 
combination of these factors. These 
results obtained in vitro raise ques- 
tions about the bioavailability of 
tegaserod in Yivo if the tablet is ad- 
ministered with applesauce. The 
mixture was easy to prepare, and ap- 
plesauce effectively masked the taste 



In yogurt. The content of tegaser- 
od in the rnbeture with yogurt ap- 
peared to remain unchanged (within 
the 3% limit allowed) for up to three 
days at 20-25 "C or 5 °C, indicating 
that tegaserod is stable in yogurt (Ta- 
ble 5). However, poor resolution and 
selectivity did not allow for a defini- 
tive conclusion about the presence of 
potential degradation products. Only 



degradation product 515-91 was 
quantifiable and only after 24 hours 
at 20-25 °C. A dissolution profile 
was not obtained for crushed tega- 
serod tablets in yogurt. More work is 
needed before a definitive conclusion 
can be reached on the stability of 
tegaserod in yogurt. 

The mixture was easy to prepare 
and was adequately homogeneous 
(Table 4). Whether yogurt masked 
the taste of tegaserod was not tested. 

In chocolate-hazelnut spread. 
Tegaserod in the mixture with 
chocolate-hazelnut spread remained 
stable for up to three days at 20-25 
°C and 5 a C (Table 5). Poor resolu- 
tion and selectivity did not allow for 
a definitive conclusion regarding the 
presence of potential degradation 
products, including 515-91. Al- 
though chocolate-hazelnut spread 
effectively masked the taste of tega- 
serod, its viscosity made sample 
preparation difficult. Consequent- 
ly, no additional research was per- 
formed.with this mixture. 

Discussion 

This study demonstrates that 
tegaserod can be administered in 
crushed tablet form in various me- 
dia. Apple juice appears to be the best 
vehicle for crushed tegaserod tablets. 
The drug was stable in apple juice for 
up to one hour at 20-25 °C and up to 
three days at 5 °C. The in vitro disso- 
lution profile of crushed tegaserod 
tablets in apple juice was comparable 
to that of intact tablets, indicating 
complete dissolution of tegaserod. 
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ZB MEDension was easy to 
prepare and homogeneous, and die 
taste of tegaserod was effectively 
masked. 

Tap water can also be used as a 
vehicle. Tegaserod was stable is this 
medium for up to three days at 20-25 
°C or 5 °C> and the dissolution pro- 
file of a crushed tablet in water was 
the same as that of the intact tablet 
However, water did not ma9k the 
taste. 

Although tegaserod was stable in 
orange juice and in applesauce (for 
up to 24 hours at 20-25 °C and for 
up to three days at 5 °C) and both 
vehicles masked the taste and al- 
lowed the complete dose to be taken, 
neither is recommended for the ad- 
ministration of crushed tablets. The 
dissolutiou profiles of crushed tega- 
. serod tablets in these media were not 
comparable to those of intact tablets, 
indicating incomplete dissolution of 
tegaserod and raising questions 
about bioavailability. 

Inconclusive results on the stabili- 
ty of tegaserod in milk, yogurt, and 
chocolate-hazelnut spread leave un- 
answered the question of their suit- 
ability as vehicles for die administra- 
tion of crushed tegaserod tablets; 
additional investigation is needed to 
optimize the extraction method and 
the HPLC separation of potential 
degradation products from die ma- 
trix. The mixture with milk was het- 
erogeneous and resulted in an in- 
complete dose, and the viscosity of 
the chocolate-hazelnut spread made 
sample preparation difficult. None of 
these vehicles are recommended. 

Conclusion 

Tegaserod from crushed tablets 
was stable in and compatible with 
water, apple juice, orange juice, and 
applesauce, the dissolution profile 
of a crushed tablet mixed with orr 
ange juice or applesauce was not 
comparable to that of an intact tab- 
let. Apple juice may be the preferred 
vehide because it effectively masks the 
taste of tegaserod. Orange juice, milk, 



applesauce, yogurt, and chocolate- 
hazelnut spread are not recommend- 
ed as vehicles for crushed tegaserod 
tablets. 

•Zelnorai, Novartis Pharmaceuticals Cor- 
poration, East Hanover, NJ, lolFDM 0398. 

b Auchan store brand, Croix, France, lot 
LU. 

Tropieiuia Pure Premium, Tropicana 
France, Vlllepinte, France, lot L297. 

'Half-skim milk, Aucban store brand, 
Croix, lot 21035V1030J9. 

'Golden Apple Baby Food, BWdinn, 
VUlefrnnctte-sur-Ssone, France, lot LNHZHP. 

'Plain yogurt, Danoue, Paris, Fiance. 

■Nutelln, Ferrero France, Mont-Saint- 
Aknan, Francs, lot 14SIB. 

"HPLC-grade methanol, reference no. 
525102, Onto Erba, Rodano, Italy. 

'VHriomog Multipoint HP15, H+P 
Labortechnik, Obenchleissfadni, Germany. 

■Bransdnic 8200-E3, Branson Ultrasonics, 
Soeat, Netherlands. 

■ 'Alliance 2690 separations module and ul- 
traviolet light detector model 2487, Waters 
Corp., Mflford.MA. 

'HPLC-grade acetonitrfle, reference no. 
RHI016, Rathbum, Walkerburn, UK. 

"Mllli-Q Academic System, MiUipore 
Corp., BiUerlca, MA. 

"Rotnti ' " 
Swtaeriai 

"Alliance 2690 separations module, Waters. 

'flrownlee Spheri-5 UP-8 column, 5-urn 
particle tree, lOOx 4.6 nun (for assay) or 220 X 
4.6 mm (for degradation products), 
PerkinHmer Inc., Norwalk, CT. 

■Ultraviolet light detector model 2487, 
Waters. 

'Chromatography server, LabSystems, Al- 
trinchnin, UK. 

•XChrom version 2.10, LabSystems. 

'Nucleosil 100-5 C„ AB column, S-um par- 
ticle sizo, 2S0 x 4 mm, Macheiey-Nagel, 
OOren, Germany. 

"Novartis Plwrma, Basel, Switaerinnd, lot 
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AHFS Dl Essentials: 
The information you need 
in the format you want. 

Looking for a drug guide that combines the best 
aspects ol comprehensive references such as A II FS 
Drug Infortunium with concise drug handbooks? 
AHFS" hi lisiomiuls is Mil solution. AHFS Dl F.sscnlwh 
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